Abstract-Phymaspermum, the largest and most complex genus within the subtribe Phymasperminae, is revised and 17 species are recognised, all endemic to southern Africa. Four new species are described (P. aphyllum, P. comptonii, P. oppositifolium, and P. trifidum), five species are reduced into synonomy (P. bolusii, P. equisetoides, P. montanum, P. pubescens, and P. villosum) and P. thymelaeoides is recognized as the oldest available epithet for P. schroeteri. The species of Phymaspermum can be distinguished by a combination of habit, leaf, involucral, and fruit characters. Species relationships are assessed in a cladistic analysis of 12 anatomical and morphological characters. Phymaspermum is distinguished from Eumorphia and Gymnopentzia by the unique stalked myxogenic trichomes on the fruit surface. This character is shown to be a synapomorphy for Phymaspermum although subsequently lost in two species and replaced by resin canals in the fruit ribs. A comprehensive taxonomic treatment is presented, including a key to the species, correct nomenclature, typification, descriptions, and geographical distributions.
Phymaspermum Less. is the largest genus within the subtribe Phymasperminae with 18 species previously recognised, all endemic to southern Africa (Germishuizen et al. 2006 ). The genus was described by Lessing (1832) for a single species (P. junceum) and later expanded by Källersjö (1986) to include species which had previously been placed within other genera such as Athanasia L., Brachymeris DC., and Pentzia Thunb. Several of the species are well grazed by livestock (Shearing and Van Heerden 1994; Vlok and Schutte-Vlok 2010; SchutteVlok pers. comm.) . In particular, the vernacular name of P. parvifolium, "good karoo," alludes to its importance as a pasture plant for Merino sheep (Harvey 1864) . Phymaspermum acerosum is also used in Zulu culture as a charm to ward off lightning (Hutchings 1996) .
Phymaspermum has never been revised and as such was identified as a priority for taxonomic revision in the national strategy for biosystematics research in South Africa (Victor pers. comm.) . Several of the species are of conservation concern or data deficient, and preliminary investigations revealed the presence of several new range-restricted species, consistent with the results of various other recent taxonomic studies of southern African Anthemideae genera (Magee and Manning 2010; Magee and Tilney 2012; Powell and Magee 2013; Magoswana and Magee 2014; Magee et al. 2014; Magoswana et al. 2015) . Comprehensive taxonomic monographs are vital to species conservation as they directly inform conservation assessments and management as well as policy (Schatz 2002; Mace 2004) . Red List assessments completed in the absence of revisions have often been incorrectly categorised, when compared to reassessments done after the taxonomic revision (Kirschner and Kaplan 2002; Powell et al. 2014) .
Eumorphia DC. (6 spp.) (Swelankomo 2011) , Gymnopentzia Benth. (1 sp.) , and Phymaspermum can be distinguished from all other southern African genera by having papillose cypselas with more than 10 primary ribs (Källersjö 1986) , and so these characters were used by Oberprieler et al. (2007) to define the subtribe Phymasperminae. Phymaspermum is distinguished by the usual presence of specialized myxogenic, ovoid trichomes on the cypselas. Gymnopentzia is distinguished by longer papillate cypselas and Eumorphia by paleate capitula (only marginal paleae are present in the capitula of Phymaspermum and Gymnopentzia). In addition, the leaves of Phymaspermum are alternately arranged (except in one of the new species described herein) while those of Eumorphia and Gymnopentzia are largely opposite (Källersjö 1986; Swelankomo 2011) . As pointed out by Källersjö (1986) , three species of Phymaspermum (viz. P. acerosum, P. pinnatifidum, and P. villosum) lack the diagnostic myxogenic ovoid trichomes on the cypselas, leading her to remark that these species may need to be recognised as a separate genus. A cladistic analysis of morphological characters in the subtribe is explored to assess the monophyly of Phymaspermum and possible infrageneric relationships.
A taxonomic revision of Phymaspermum is presented, including comprehensive descriptions, a key to the species, nomenclature, typification, diagnostic characters with illustrations and distribution data.
Materials and Methods
Most of the species were studied in situ and all were studied from selected specimens from B (digital images), NBG, NU, and PRE, as well as the entire collections of BOL, SAM, and WIND (digital images). Maps of each species were produced according to validated information provided on the associated herbarium labels. Collecting localities and associated grid references were checked in literature (Leistner and Morris 1976) . These localities were plotted according to the degree reference system as described by Leistner and Morris (1976) . The specimens examined are cited under each species treatment and arranged by country, province and then district, and ordered according to geographical position, from west to east and north to south. The quarter degree and associated district are indicated in bold.
Cypsela material was fixed in formalin-acetic acid-alcohol (FAA) for at least 24 hr. Herbarium material was first rehydrated at 60°C for two days before being fixed. Whole cypselas were embedded in glycol methacrylate (GMA) according to a modification (a five day final infiltration) of the method described in Feder and O' Brien (1968) . They were then stained using the periodic acid-Schiff/toluidine blue (PAS/TB) method of Feder and O'Brien (1968) . All sections were viewed under a Leitz wetzlar light microscope and photographed with a JVC KY-F1030 digital camera with AcQuis digital imaging software version 4.0.1.7.
Cypsela surface structure was also studied using a scanning electron microscope (SEM). Cypselas were mounted on copper stubs and gold coated using an Emscope gold coater. These were then viewed in a Tescan SEM at 8 kV using the VegaTC software program and photographed with an Oxford instruments X-Max camera.
To construct a phylogeny of Phymaspermum and its relationship to the other two genera within Phymasperminae, Eumorphia and Gymnopentzia, 12 vegetative and reproductive characters for 24 taxa within the tribe were scored (Table 1 ; Appendix 1) using the outgroup comparison method, with a species of Athanasia (A. elsiae Källersjö) as outgroup (Källersjö 1991) . We selected a member from the subtribe Athanasiinae to root the trees as ITS sequence data (Oberprieler et al. 2007 ) and available morphological evidence suggest a close relationship to Phymasperminae. Eumorphia and Gymnopentzia were scored based on literature (Swelankomo 2011 , Källersjö 1986 ). Characters were scored as polymorphic when both states occured in a single taxon and as unknown (?) if the character was not applicable.
Phylogenetic analyses were conducted using the parsimony algorithm of the software package PAUP* for Windows version 4.0b10 (Swofford 1998 ) with the PaupUp graphical interface (Calendini and Martin 2005) . Characters were equally weighted (Wagner parsimony, Farris 1970 ) and optimized with both accelerated transformation (ACCTRAN) and delayed transformation (DELTRAN) with no difference between the two. Tree searches were performed using a heuristic search with 1,000 random sequence additions, tree bisection and reconnection (TBR) branch swapping and 10 trees held per replicate. Internal support was assessed with 1,000 bootstrap (BP) replicates under the same search parameters.
The arrangement of the species of Phymaspermum in the taxonomic revision reflects the presumed phylogenetic relationships as recovered in the morphological strict consensus tree.
Results and Discussion
Morphology and Anatomy -Vegetative CharactersAll species of Phymaspermum are evergreen, perennial shrubs or shrublets and fall into two main growth forms: (1) Multistemmed subshrubs with woody rootstocks and virgate unbranched or poorly branched stems (P. acerosum, P. aciculare, P. argenteum, P. athanasioides, P. comptonii, P. erubescens, P. peglerae, P. pinnatifidum, and P. woodii, Fig. 1A -E) or (2) single-stemmed, well branched shrubs or shrublets (P. aphyllum, P. appressum, P. leptophyllum, P. oppositifolium, P. parvifolium, P. scoparium, P. thymelaeoides, and P. trifidum, Fig. 1F -N, where the branch apices of P. aphyllum (Fig. 1M ) and P. scoparium are often spine tipped).
The indumentum ranges from glabrous to densely hairy, although in P. argenteum, P. comptonii, P. thymelaeoides and P. trifidum (Fig. 1F-H ) it is conspicuously densely sericeous. Phymaspermum aciculare, P. erubescens and P. peglerae are readily distinguished from one another by their indumenta, i.e. glabrous in P. aciculare, silvery villous or hispid in P. erubescens and bronze villous in P. peglerae.
With the exception of the new species, P. oppositifolium, all the species of Phymaspermum have sessile, alternate leaves. Most of the species have spreading or erect leaves, except in P. appressum (Fig. 1I, J) and P. oppositifolium where they are characteristically closely appressed. Phymaspermum aphyllum is the only species which has characteristically very few and reduced leaves (Fig. 1M, N) . The leaves are usually pinnatisect to trifid. Invariably simple entire leaves are diagnostic for P. aphyllum, P. appressum, P. oppositifolium, and P. scoparium. In P. leptophyllum and P. thymelaeoides, the leaves are usually simple and entire, rarely lobed. The leaves of P. appressum and P. oppositifolium are characteristically very bony, becoming scarious along the peduncles, while in the rest of the genus they are either fleshy or leathery.
Reproductive Characters-The capitula of Phymaspermum are usually terminal and more or less solitary or aggregated into corymbs (Fig. 1A-D) . In P. scoparium, however, the capitula are axillary and subsessile. The multistemmed species are all corymbose, except for P. aciculare, P. erubescens, and P. peglerae. In the latter three discoid species and all the radiate species, the capitula are either solitary on the peduncles or with one to three additional capitula borne from leaf axils below (Fig. 1E, H-N) . The capitula of P. appressum (Fig. 1I , J) and P. oppositifolium appear to be borne on short axillary fascicles due to their indistinct peduncles.
Most Phymaspermum species have up to four series of involucral bracts, although there can be up to five series in P. athanasioides or six series in P. woodii. The bracts are usually tightly arranged in an imbricate manner and have conspicuous longitudinal resin ducts. In P. acerosum, P. comptonii, and P. pinnatifidum, however, the bracts are irregularly arranged and the number of series are more difficult to distinguish. The involucral bracts of Phymaspermum species are generally rigid with membranous apices and edges, but in P. appressum and P. oppositifolium, the bracts become scarious and brittle. All Phymaspermum species have membranous apices especially on the innermost bracts. The margins of the involucral bracts are prominently dark brown in P. argenteum and sometimes light brown or indistinct in P. woodii and P. leptophyllum. The involucral bracts of P. comptonii have a prominent brown midrib. A brown midrib can also be seen in P. pinnatifidum due to the large bulging resin canal. These bulging resin canals also give the outer bracts a distinctive curved appearance. The involucral bracts can also be hairy or glabrous and have scarious apices and margins. Phymaspermum thymelaeoides has silvery villous involucral bracts which are bronze in P. peglerae. Other species such as P. comptonii, P. scoparium, and P. trifidum have silvery pubescent involucral bracts. The rest of the species generally have glabrous involucral bracts. A. elsiae As also found in Gymnopentzia, paleae of Phymaspermum species are restricted to the margins and are usually in one series, but sometimes in two series as in P. woodii. However, we have sometimes observed rudimentary paleae in the centre of the receptacles in P. acerosum and P. thymelaeoides. Unlike involucral bracts which usually only have scarious margins and apices, most paleae are scarious and sometimes have ciliate margins (P. acerosum) and apices with reduced longitudinal resin canals. The shape and size of these paleae are variable within species.
The capitula are largely either radiate or discoid, although in one species, P. athanasioides, they are disciform. This character is constant for all the species except P. aciculare, where plants can have either discoid or sometimes radiate capitula. When ray florets are present in this species, however, they are very few and reduced in size.
The ray florets are pistillate and fertile, with a white to cream limb which may sometimes have a purplish tinge near the base or underside; in P. appressum and P. oppositifolium they are often entirely purplish. The limbs are usually ovate to obovate and apically three-toothed, although in P. aciculare they are obelliptic.
The disc florets are bisexual and five-lobed. The tube is usually readily distinguishable from the limb and equal in length, although in P. athanasioides and P. woodii, the tube can be longer than the limb, and in P. appressum and P. oppositifolium the distinction between the tube and the limb is not clear. The corollas are always somewhat glandular, but pilose hairs can be found in P. scoparium and P. thymelaeoides. The lobes are triangular and usually spreading, except in P. appressum and P. oppositifolium where they are erect. Similarily erect lobes are sometimes also observed in P. athanasioides. Resin canals in the lobes of the disc florets are absent in all species except in P. acerosum, which rarely has red resin ducts in the tube, limb, and lobes. The anthers of all species have a more or less sagittate base and the appendages were not found to be taxonomically useful.
The cypselas are ellipsoid or obovoid and usually prominently 10-14 ribbed, except in P. leptophyllum where ribs are not prominent (Fig. 2D, L) . The fruits are usually 1.6-2.5 mm long and 0.5-0.7 mm wide, although in three species, P. aciculare, P. erubescens (Fig. 2E) , and P. peglerae, they are prominently larger, being more than 2.5 mm long (up to 3.5 mm) and 1.0 mm wide. The fruits of P. pinnatifidum can also be up to 3.5 mm long (Fig. 2F ) but they are never as wide as those of P. aciculare, P. erubescens, and P. peglerae. A pappus is lacking in all the species, although there may be a thickened apical rim on the cypselas. Phymaspermum pinnatifidum is unique in that it has a conspicuous and extended membranous apical rim (Figs. 2F) . The cypselas of Phymaspermum are unique in that they have ovoid, stalked myxogenic trichomes ( Fig. 2A-E, I , L, M), a synapomorphy for the genus. These shortly stalked myxogenic trichomes are white when dry with an ovoid head consisting of a few cells (Fig. 2I, L, M) . Phymaspermum is the only genus within Anthemideae with these stalked trichomes on the cypselas rather than the more usual myxogenic epidermal cells. Only those trichomes on the fruits of the radiate species were observed to rupture (Fig. 2L ) when in contact with water. In the discoid species no evidence of rupturing was observed (Fig. 2I, M) . These stalked trichomes are particularly dense on the cypselas of the radiate species (Fig. 2B-D) . The stalked trichomes are more sparse on the discoid species and can sometimes even be completely lacking in some individuals (Fig. 2E, H, M, N) . However, in P. acerosum (Fig. 2G , J, K) and P. pinnatifidum (Fig. 2F ) the stalked trichomes have been consistently lost.
In transverse section the epidermal cells are usually more anticlinally elongated in the radiate species of Phymaspermum. In P. leptophyllum (Fig. 2L ), these cells are much more distinct and uniform and unlike the other species where they are shorter and distinctly papillate. The cypsela ribs of P. leptophyllum are therefore not as distinct as those in other species. The stalks of the myxogenic trichomes are embedded between these cells and as a result appear sessile. These distinct epidermal cells of P. leptophyllum allow this species to be distinguished from other closely related species such as P. aphyllum and P. thymelaeoides.
The testa epidermis and endocarpic cells remain parenchymatous but in some species they become sclerified. In the mesocarp, the sclerenchyma of Phymaspermum is organised into descrete bundles in which the vascular tissue is found (Fig. 2I-N) . The endocarp is seen as a single layer of cells with dark staining contents (Fig. 2I-N) .
In three species, resin canals were observed in the cypsela ribs, viz. P. acerosum (Fig. 2J , K), P. comptonii (Fig. 2I) , and P. pinnatifidum. The presence of a resin canal in the cypsela of P. comptonii is significant, as it is the only species that combines both resin canals and myxogenic trichomes.
Phylogenetic Relationships -Of the 12 scored characters, 10 were parsimony-informative and two parsimonyuninformative. Two equally parsimonious trees were obtained (differing only in the placement of P. scoparium -either sister to the radiate clade or unresolved) with a tree length (TL) of 17 steps, a consistency index (CI) value of 0.71 and a retention index (RI) value of 0.9. The strict consensus tree is presented in Fig. 3 .
Eumorphia and Phymaspermum are recovered to be monophyletic although without bootstrap support and the monotypic Gymnopentzia is not embedded within either Eumorphia or Phymaspermum. Despite the shared presence of opposite leaves, Eumorphia and Gymnopentzia were not recovered as sister genera. Rather, Gymnopentzia was placed sister to Phymaspermum based on the synapomorphic loss of receptacular paleae (character 4). This sister relationship between Gymnopentzia and Phymaspermum was also recognised by in an alternative equally parsimonious cladogram. Phymaspermum is recovered as monophyletic, supported by the presence of myxogenic trichomes on the cypselas (character 10) (secondarily lost in P. acerosum and P. pinnatifidum). Within Phymaspermum three lineages are identified, although their relationships to one another are unresolved. The first comprises the anomalous P. scoparium, the second a clade of radiate (character 6), single-stemmed species and the third a clade of multistemmed (character 1), largely discoid species (sometimes sparsely radiate in P. aciculare) with sparsely glandular fruits (character 11). Within the discoid clade, P. aciculare, P. erubescens, and P. peglerae form a sister group (BP 67) to the rest of the species based on their larger fruits (character 7) and a subclade comprising P. acerosum -P. woodii is recovered based on the corymbose synflorescence structure (character 3). Within the latter subclade the presence of resin canals in the fruits (character 12) group P. acerosum, P. comptonii, and P. pinnatifidum together. Resolution within the radiate clade is largely unresolved, except for the obvious sister 2016] RUITERS ET AL.: TAXONOMY OF PHYMASPERMUM Evergreen, single-to multistemmed, very sparsely to densely leafy, shrubs or shrublets, 0.2-2.0 m high. Stems unbranched to much-branched; branches erect or spreading, rarely spinetipped, striate, glabrous to densely matted; fascicles usually present in leaf axils, sometimes becoming woolly (in P. acerosum and P. woodii). Leaves sessile, alternate or rarely opposite (P. oppositifolium), very sparsely to closely imbricate, appressed to spreading, 1.0-40.0 × 0.2-3.0 mm, linear to spathulate, entire to pinnatifid, margins involute to revolute, sometimes narrowed into petiole-like base with secondary basal lobes, glabrous to villous, bony, leathery or fleshy; basal swelling continuous with stem ribs present; lobes 0-9, 0.2-24.0 × 0.5-1.5 mm, linear, mucronate to attenuate. Capitula homogamous or heterogamous, radiate, disciform or discoid, terminal or on very short axillary shoots, solitary, with 0-3 additional capitula from leaf axils below or in few-to many-headed (3 to >100), simple or compound corymbs, pedunculate or rarely subsessile; peduncles 1.0-95.0 mm long, glabrous to densely matted. Involucre cylindrical or urceolate to campanulate or hemispherical, sometimes tapering at the base; involucral bracts 3-to 7-seriate, loosely or tightly arranged, 1.0-7.0 mm long, ovate to linear, obtuse to attenuate, margins and apices scarious (bracts entirely scarious in P. appressum and P. oppositifolium), inner bracts with membranous apices 0.3-2.5 mm long, glabrous to densely villous, green to dark brown, purple, sometimes with brown margins, median resin canals present. Receptacle flat to convex, alveolate, paleate; paleae in marginal series (rarely rudimentary inner paleae present), 2.6-6.3 mm long, linear to obovate, apices obtuse to attenuate, entirely scarious or margins and apices scarious. Ray florets (when present) 3-22, pistillate; tube 1.0-4.2 mm long, sessile glandular trichomes present; limb 3.0-12.0 × 1.8-4.3 mm, ovate to obovate, usually apically 3-dentate, rarely 2-dentate or entire, white to purple. Filiform florets (only in P. athanasioides) ± 20, pistillate; corolla 2.3-3.0 mm long, yellow, with sessile glandular trichomes, zygomorpic; adaxial lobes 2, abaxial lamina 3-dentate, without resin canals. Disc florets 3 to > 100, bisexual, without resin canals (except sometimes in P. acerosum); corolla 1.6-4.0 mm long, with sessile glandular trichomes, zygomorphic; glabrous or rarely pilose, yellow to purple; tube 0.7-2.6 mm long; limb 0.5-1.8 mm long (excluding lobes), very narrowly to broadly campanulate, 5-lobed; lobes erect to spreading, 0.3-1.0 mm long, narrowly to broadly triangular or triangular ovate. Anthers 2.0-4.3 mm long (including apical appendage), sagittate at base; apical appendages lanceolate to rounded. Style 1.7-4.0 mm long (excluding the two terminally stigmatic branches), terete with thickened base; branches 0.1-1.9 mm long, truncate, with dorsal papillae. Cypselas 1.6-3.5 ×0.5-1.0 mm, 
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oblong to broadly obovoid, shortly papillate, apical rim absent or thickened to membranous, conspicuously or inconspicuously (in P. leptophyllum) 10-to14-ribbed, stalked glandular trichomes present or rarely absent, usually mucilaginous, discontinuous resin canals in ribs rarely present (in P. acerosum, P. comptonii, and P. pinnatifidum). Diagnostic Characters -Phymaspermum shares the papillose, many ribbed (≥ 10) cypselas with Eumorphia and Gymnopentzia but can be distinguished by the alternate leaves (except in one species, P. oppositifolium) and the presence of unique stalked myxogenic trichomes on the cypselas (subsequently lost in two species, P. acerosum and P. pinnatifidum). It can be further distinguished from Eumorphia by the absence of inner paleae (inner paleae present in Eumorphia) and from Gymnopentzia by the shortly papillose cypselas (long papillate cypselas in Gymnopentzia).
Distribution and Ecology -Phymaspermum is largely restricted to southern Africa, with one species extending into Zimbabwe. Six of the species are endemic to the Greater Cape Floristic region.
Key to the Species of PHYMASPERMUM
Single-stemmed, sparsely leafy shrublet, height unknown. Stem much-branched; branches erect to spreading, spinetipped, silvery-pubescent; fascicles sometimes present in leaf axils. Leaves alternate, appressed to spreading, 1.0-5.0 × 1.0-2.0 mm, triangular ovate to spathulate, rounded to mucronate, entire, narrowed into petiole-like base, without secondary basal lobes, densely silvery pubescent on both surfaces, fleshy; basal swelling present, continuous with stem ribs. Capitula discoid, homogamous, on short axillary shoots, solitary, subsessile. Involucre 4.0 × 3.0 mm, cyathiform, tapering at the base; involucral bracts 4-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.1-0.2 mm long, glabrous to villous along edges, brown margins absent, median resin canals present; outer bracts deltoid to lanceolate, ca. 1.5 mm long, acute to obtuse; middle bracts deltoid to lanceolate, ca. 1.8 mm long, acute to obtuse; inner bracts lanceolate to oblong, ca. 1.8 mm long, obtuse; innermost bracts oblong, ca. 2.2 mm long, obtuse. Receptacle convex; paleae in marginal series, linear, ca. 3.0 mm long, obtuse, rigid with scarious margins and apices, scarious apices 0.6 mm long. Disc florets ± 10, without resin canals; corolla ±1.8 mm long, with glandular trichomes and hairs on tube and limb, yellow; tube ±1.0 mm long; limb narrowly campanulate, 0.8 mm long (excluding lobes); lobes spreading, 0.7 mm long, triangular-ovate. Anthers 2.1 mm long (including apical appendage); apical appendage oblong. Style 2.2-2.5 mm long (excluding branches); branches 0.8 mm long. Cypselas 2.0 × 0.8 mm, narrowly obovate, 11-ribbed, apical rim thickened, slightly dentate, glandular trichomes present, dense, scattered, not mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 4 .
Diagnostic Characters-Phymaspermum scoparium is unlikely to be confused with any of the other discoid species. It is easily recognised by the subsessile, axillary heads, apically spinescent stems, and florets with a pilose corolla.
Distribution and Ecology -Phymaspermum soparium is a very poorly collected species from near Graaff-Reinet in the Eastern Cape to Hanover in the Northern Cape (Fig. 4F) . The species appears to favor seasonally moist sites. Flowering time is from November to March. There are three specimens from the same collection by Drège (Drège locality 1,b,2) in G-DC, only one bears the original collection label with the locality and is designated here.]
Single-stemmed, densely leafy shrublet, 0.15-0.4 m high. Stem strongly-branched; branches erect to spreading, glabrous to densely silvery pubescent; fascicles sometimes present in leaf axils. Leaves alternate, spreading to rarely reflexed, 3.0-15.0 × 0.8 mm, linear to oblong, mucronate, entire to trifid, sometimes narrowed into petiole-like base, sometimes with secondary basal lobes, glabrous to silvery pubescent on both surfaces, fleshy; basal swelling present, continuous with stem ribs; lobes 2 or 3, 0.2-3.0 × 0.8 mm, oblong, mucronate. Capitula radiate, heterogamous, terminal, solitary, with up to 3 additional capitula from leaf axils below, pedunculate; peduncles 5.0-45.0 mm long, glabrous to silvery pubescent. Involucre 2.5-5.0 × 2.5-6.0 mm, narrowly campanulate (rarely hemispherical), tapering at the base; Figure 5 . Diagnostic Characters -Phymaspermum parvifolium is a compact shrub, less than 0.4 m tall, with a close branching habit and radiate heads. It can sometimes be confused with P. thymelaeoides but can be distinguished by its compact growth (P. thymelaeoides is an open branched shrub, usually more than 0.8 m tall), the linear to oblong leaves (spathulate in P. thymelaeoides), glabrous disc florets (often hairy in P. thymelaeoides) and glabrous to sparsely hairy (rarely beyond margins) involucral bracts (densely villous in P. thymelaeoides).
Distribution and Ecology -Phymaspermum parvifolium is widely distributed in the largely arid areas of the Western Cape, Eastern Cape and Northern Cape as well as the Free State at an altitude of 300-1,500 m (Fig. 5G) . Flowering is throughout the year but peaks from March to May. This species is an important fodder plant for sheep and is commonly known as the "swart karoo," "vaal karoo," "wit heuning karoo," and "good karoo" (Smith 1966; Powrie 2004) . Single-stemmed, densely leafy shrub, (0.5)0.8-1.2 m high. Stem much-branched; branches erect to spreading, silvery pubescent; fascicles sometimes present in leaf axils. Leaves alternate, erect to spreading, 5.0-30.0 × 0.8-3.0 mm, linear to spathulate, mucronate, entire to trifid, narrowed into petiolelike base, sometimes with secondary basal lobes, silvery sericeous on both surfaces, fleshy; basal swelling present, continuous with stem ribs; lobes 3, 2.0-3.0 × 1.0 mm, linear, mucronate. Capitula radiate, heterogamous, terminal, solitary, with 0-2 additional capitula from leaf axils below, pedunculate; peduncles 5.0-35.0 mm long, silvery pubescent. Involucre 4.0-7.0 × 4.0-5.0 mm, hemispherical to cyathiform, sometimes tapering at the base; involucral bracts 3-or 4-seriate, loosely to tightly arranged, margins and apices scarious, membranous apices of all bracts 0.1-1.0 mm long, silvery villous, brown margins absent, median resin canals present; outer bracts lanceolate, 1.5-2.1 mm long, attenuate; middle bracts lanceolate, 2.0-2.3 mm long, rounded; inner bracts oblong, 2.7-3.8 mm long, rounded; innermost bracts oblong, 3.4-4.0 mm long, rounded. Receptacle convex; paleae in marginal series (rarely rudimentary inner paleae present); oblong, 3.5-4.0 mm long, rounded, scarious. Ray florets 8-12; tube 1.2-1.6 mm long; limb obovate, 5.4-7.2 × 2.2-3.0 mm, apically 3-dentate, white to purple. Disc florets 20-30, without resin canals; corolla 1.7-2.7 mm long, with glandular trichomes and sometimes hairs on tube, yellow to purple; tube 0.7-1.8 mm long; limb campanulate, 0.5-1.0 mm long (excluding lobes); lobes spreading, 0.5-1.0 mm long, triangular. Anthers 1.7-3.8 mm long (including apical appendage); apical appendage ovate. Style 1.2-3.2 mm long (excluding branches); branches 0.4-0.5 mm long. Cypselas 2.5 × 0.7 mm, obovate, 11-ribbed, apical rim thickened, slightly dentate, glandular trichomes present, dense, mostly between ribs, mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 6 .
Diagnostic Characters -Phymaspermum thymelaeoides is an openly branched shrub, more than 0.8 m tall, with radiate heads, usually hairy disc floret tubes, and entire, spathulate leaves. It can be distinguished from P. leptophyllum by the spathulate, silvery sericeous leaves and the ribbed cypselas with prominently stalked myxogenic trichomes. Similarily silvery leaves are found in P. trifidum but in P. thymelaeoides the leaves are largely entire and the innermost involucral bracts have a much shorter membranous appendage.
Distribution and Ecology -Phymaspermum thymelaeoides occurs on upper south facing slopes, at altitudes of 1,000-1,700 m, from Ghaapkop near Laingsburg along the Roggeveld and Nuweveld mountains to Molteno Pass (Fig. 6G) . Flowering appears to be throughout the year. The species is well grazed (Shearing 1159, PRE; Shearing 1181, PRE; Acocks 17199, PRE) and the flowers have a prominent honey scent. Single-stemmed, densely leafy shrub, 0.7 m high. Stem much-branched; branches erect to spreading, silvery pubescent; fascicles sometimes present in leaf axils. Leaves alternate, spreading, 5.0-17.0 × 0.8-1.0 mm, linear, mucronate, rarely entire (entire on peduncles), trifid, narrowed into petiole-like base, without secondary basal lobes, silvery sericeous on both surfaces, fleshy; basal swelling present, continuous with stem ribs; lobes 3, 1.0-8.0 × 0.8-1.0 mm, linear, mucronate. Capitula radiate, heterogamous, terminal, solitary, pedunculate; peduncles 20.0-40.0 mm long, silvery pubescent. Involucre 5.0-6.0 × 6.0-7.0 mm, hemispherical to cyathiform, not tapering at the base; involucral bracts 3-or 4-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.3-1.3 mm long, pubescent, brown margins present, median resin canals present; outer bracts lanceolate to ovate, 2.1-2.4 mm long, acute to rounded; middle bracts lanceolate to ovate, 2.2-2.6 mm long, rounded; inner bracts ovate, 3.0-4.0 mm long, rounded; innermost bracts linear to oblong, 4.5-4.8 mm long, rounded. Receptacle convex; paleae in marginal series, linear to oblong, 4.3-5.9 mm long, rounded, rigid with scarious margins and apices, scarious apices 1.0-2.0 mm long. Ray florets 12 to16; tube 1.4-1.7 mm long; limb obovate, 7.2-7.7 × 3.1-3.5 mm, apically 3-dentate, white. Disc florets 30-40, without resin canals; corolla 1.7-2.0 mm long, with only glandular trichomes, yellow; tube 1.0-1.1 mm long; limb campanulate, 0.7-1.0 mm long (excluding lobes); lobes spreading, ± 0.6 mm long, triangular. Anthers 2.0-2.7 mm long (including apical appendage); apical appendage obovate. Style 2.0-2.1 mm long (excluding branches); branches 0.4-0.6 mm long. Cypselas 1.7 × 0.7 mm, oblong to obovate, 11-ribbed, apical rim absent, glandular trichomes present, dense, scattered, mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 7 .
Diagnostic Characters -Phymaspermum trifidum is closely related to P. thymelaeoides with which it shares the radiate heads, slightly fleshy, silvery sericeous leaves and hairy involucral bracts. Phymaspermum trifidum can however be distinguished by the consistently trifid leaves, the broad membranous appendages on the innermost involucral bracts and the glabrous disc floret tubes.
Distribution and Ecology-Phymaspermum trifidum appears to be highly restricted and is known from only three localities between McGregor and Bonnievale. It grows in alluvial sand at an altitude of around 150-200 m (Fig. 7G ). Flowering Single-stemmed, leafy shrub, 0.5-1.6 m high. Stem muchbranched; branches erect to spreading, silvery pubescent; fascicles sometimes present in leaf axils. Leaves alternate, spreading to erect, 6.0-25.0 × 1.1-2.0 mm, linear, mucronate, revolute, entire to trifid, without petiole-like base, sometimes with secondary basal lobes, silver hairs on both surfaces, fleshy to leathery; basal swelling present, continuous with stem ribs; lobes 2-3, 2.0-7.0 × 1.0 mm, linear, mucronate. Capitula radiate, heterogamous, terminal, solitary, with 0-3 additional capitula from leaf axils below, pedunculate; peduncles 15-95 mm long, silvery pubescent. Involucre 5.0-6.0 × 6.0-9.0 mm, hemispherical, rarely tapering at the base; involucral bracts 4-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.5-1.8 mm long, villous silvery hairs, brown margins sometimes present, median resin canals present; outer bracts triangular to lanceolate, 3.3-3.4 mm long, acute; middle bracts lanceolate to oblong, 4.3-4.5 mm long, acute; inner bracts oblong, 5.7-6.2 mm long, acute to obtuse; innermost bracts oblong, 6.5-7.0 mm long, rounded. Receptacle convex; paleae in marginal series, narrowly oblong, 5.2-6.0 mm long, rounded, scarious. Ray florets 10-22; tube 1.1-4.2 mm long; limb obovate, 10.0-12.0 × 3.0-4.3 mm, apically 3-dentate, rarely entire or 2-dentate, white to mauve. Disc florets up to 100, without resin canals; corolla 3.5-4.0 mm long, with only glandular trichomes, yellow; tube 1.6-1.7 mm long; limb campanulate, 1.7 mm long (excluding lobes); lobes spreading, 0.7-0.8 mm long, triangular. Anthers 4.3-6.5 mm long (including apical appendage); apical appendage ovate. Style 2.8-3.6 mm long (excluding branches); branches 1.0-1.3 mm long. Cypselas 2.5 × 0.8 mm, oblong to obovate, 10-ribbed, apical rim absent, inconspicuous glandular trichomes present, dense, appearing sessile on ribs, mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 8 .
Diagnostic Characters -Phymaspermum leptophyllum is unique in that the epidermal cells of the cypselas are anticlinally elongated so that they obscure the ribs and hide much of the stalk on the trichomes, making them appear sessile. It can be confused with the sympatric and closely related P. aphyllum both of which have linear leaves and 
2016] RUITERS ET AL.: TAXONOMY OF PHYMASPERMUM 441
lanceolate to oblong involucral bracts (outer bracts of P. leptophyllum are sometimes triangular). However, in addition to the anticlinally elongated epidermal cells of the cypselas P. leptophyllum differs from P. aphyllum in that it is more densely leafy, with persistent leaves, ± 1.0-2.0 mm wide, the branches are not longitudinally white striped and the peduncles do not become spinescent (Fig. 1L ). Distribution and Ecology -Phymaspermum leptophyllum is endemic to the Little Karoo where it occurs on quartz outcrops (Vlok and Schutte-Vlok 2010) , at an altitude of 400-650 m, from Montagu to Oudtshoorn (Fig. 8G) . Flowering is from May to November. Single-stemmed, very sparsely leafy shrub, 0.5-1.0 m high. Stem much-branched; branches erect to spreading, spinetipped, densely white wooly between ribs; fascicles rarely present in leaf axils. Leaves alternate, very sparse, caducous, apressed to erect, 2.0-20.0 × 0.5 mm, linear, mucronate, revolute, entire, without petiole-like base, without secondary basal lobes, glabrous on both surfaces, fleshy to leathery; basal swelling present, continuous with stem ribs. Capitula radiate, heterogamous, terminal, solitary, with 0-1 additional capitula from leaf axils below, pedunculate; peduncles 25.0-38.0 mm long, silvery pubescent. Involucre 5.0-6.0 × 6.0-9.0 mm, hemispherical, rarely tapering at the base; involucral bracts 4-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.3-0.5 mm long, silvery villous, brown margins absent, median resin canals present; outer bracts lanceolate, 1.5-1.6 mm long, acute; middle bracts lanceolate, 2.0-2.2 mm long, acute; inner bracts lanceolate to oblong, 2.5-3.5 mm long, acute to obtuse; innermost bracts oblong, 3.5 mm long, rounded. Receptacle convex; paleae in marginal series, narrowly oblong, 3.0-4.5 mm long, rounded, scarious. Ray florets 9-10; tube 2.0-2.8 mm long; limb obovate, 5.7-11.4 × 3.2-4.0 mm, apically 3-dentate, white. Disc florets ± 50, without resin canals; corolla 1.6-2.0 mm long, with only glandular trichomes, yellow; tube 0.7-1.0 mm long; limb campanulate, 0.7-1.8 mm long (excluding lobes); lobes spreading, 0.5-0.7 mm long, triangular. Anthers 2.0-2.4 mm long (including apical appendage); apical appendage oblong. Style 2.0-2.2 mm long (excluding branches); branches 0.4 mm long. Cypselas 2.0-2.5 × 0.5-0.8 mm, obovate, 10-to 11-ribbed, apical rim absent, glandular trichomes present, dense, scattered, mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 9 .
Additional Specimens Examined
Diagnostic Characters -Phymaspermum aphyllum has in the past been incorrectly identified as P. junceum (Berg.) Less.
(the latter now a synonym of Osteospermum junceum, Magee et al. 2013) . It is a sparsely leafy shrub with caducous leaves, ± 0.5 mm wide, longitudinally white striped stems which are densely white wooly between the ribs and persistent peduncles which often become spinescent. It differs further from the closely related P. leptophyllum by the obviously ribbed cypselas with prominently stalked myxogenic trichomes. In P. leptophyllum the cypselas appear unribbed and the myxogenic trichomes appear sessile due to the prominently elongated epidermal cells.
Distribution and Ecology -Phymaspermum aphyllum is known from only a handful of localities between Barrydale and the Witteberg in the Little Karoo at an altitude of around 700 m (Fig. 9G) . The leaves of this species are apparently highly palatable for livestock (Vlok and Schutte-Vlok pers. comm.). Flowering is from June to December. Single-stemmed, densely leafy shrublet, 0.3-1.2 m high. Stem much-branched; branches erect to spreading, glabrous to silvery tomentose; fascicles present in leaf axils. Leaves alternate, closely imbricate, appressed, 1.0-3.0 × 0.5-2.0 mm, ovate to lanceolate, acute to mucronate, entire, without petiole-like base, without secondary basal lobes, glabrous on both surfaces, bony; basal swelling present, continuous with stem ribs. Capitula radiate, heterogamous, terminal on short axillary shoots, solitary, with 0-3 additional capitula from leaf axils below, prominent peduncles absent. Involucre 4.0-7.0 × 4.0-8.0 mm, hemispherical to cyathiform, tapering at the base; involucral bracts 3-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.7-1.0 mm long, scarious texture, brown margins absent, median resin canals present; outer bracts broadly ovate sometimes oblong, 2.5-3.0 mm long, rounded; middle bracts broadly obovate sometimes oblong, 3.0-3.5 mm long, rounded; inner bracts narrowly obovate sometimes oblong, 4.3-4.5 mm long, rounded. Receptacle convex to flat; paleae in marginal series, linear, 3.8-4.0 mm long, rounded, scarious. Ray florets 11-14; tube 1.7-2.0 mm long; limb ovate to obovate, 7.0-8.5 × 2.7-3.0 mm, apically 3-dentate, rarely entire sometimes with longer middle tooth, white to purple. Disc florets 22-47, without resin canals; corolla 2.0-2.3 mm long, with only glandular trichomes, yellow to purple; tube 0.9-1.0 mm long; limb very narrowly campanulate, 1.0-1.2 mm long (excluding lobes); lobes erect,0.3-0.5 mm long, triangular. Anthers 2.4-4.3 mm long (including apical appendage); apical appendage ovate. Style 2.2-3.8 mm long (excluding branches); branches 0.4-1.9 mm long. Cypselas 2.0 × 0.5 mm, narrowly obovate, 12-ribbed, apical rim thickened, slightly dentate, brown, glandular trichomes present, dense, mostly between ribs, mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 10 .
Diagnostic Characters -Phymaspermum appressum is easily recognised by the prominently appressed leaves, entirely scarious involucral bracts and purplish ray florets. It can only be confused with the closely related P. oppositifolium, from which it differs in the alternate leaves, the hemispherical to cyathiform involucres, and the ovate to obovate involucral bracts.
Distribution and Ecology -Phymaspermum appressum is endemic to sandstone slopes and ridges above 940 m within the Little Karoo, from Anysberg to the Witteberg (Fig. 10G) . Flowering is from April to December. Single-stemmed, densely leafy shrub, 1.5 m high. Stem much-branched; branches erect to spreading, glabrous; fascicles present in leaf axils. Leaves opposite, closely imbricate, appressed to sometimes erect, 2.0-5.0 × 1.0-2.0 mm, lanceolate, acute to acuminate, sometimes mucronate, entire, without petiole-like base, without secondary basal lobes, glabrous on both surfaces, bony; basal swelling present, 
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RUITERS ET AL.: TAXONOMY OF PHYMASPERMUMcontinuous with stem ribs. Capitula radiate, heterogamous, terminal on short axillary shoots, solitary, with 0-3 additional capitula from leaf axils below, prominent peduncles absent. Involucre 5.0-6.0 × 4.0-5.0 mm, funnel-shaped, tapering at the base; involucral bracts 4-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 2.4-2.5 mm long, scarious texture, brown margins absent, median resin canals present; outer bracts lanceolate, 3.4 mm long, acute; middle bracts lanceolate, 4.0-4.5 mm long, acute; inner bracts lanceolate, 5.5 mm long, rounded. Receptacle convex; paleae in marginal series, linear, ± 4.0 mm long, rounded, scarious. Ray florets ± 8; tube 1.5 mm long; limb ovate to obovate, 4.8 × 2.3 mm, apically 3-dentate, white to purple. Disc florets ± 20, without resin canals; corolla 2.0 mm long, with only glandular trichomes, yellow to purple; tube 0.8 mm long; limb narrowly campanulate, 1.0 mm long (excluding lobes); lobes erect, ± 0.4 mm long, triangular. Anthers 2.4 mm long (including apical appendage); apical appendage ovate. Style ± 2.0 mm long (excluding branches); branches ± 0.3 mm long. Cypselas 1.9 × 0.6 mm, narrowly obovate, ribbed, apical rim thickened, entire, brown, glandular trichomes present, distribution unknown, discontinuous resin canals in ribs absent. Figure 11 . Diagnostic Characters -Phymaspermum oppositifolium is the only opposite leafed species within the genus. It shares the appressed leaves, entirely scarious involucral bracts and purplish ray florets with the closely related P. appressum from which it can be distinguished further by the funnelshaped involucres and lanceolate involucral bracts.
Distribution and Ecology -This species is known only from the type collection in the Kouga mountains of the Eastern Cape (Fig. 11G) , where it was collected at an altitude of 250 m. It was found flowering in January and the collector noticed seeing very few plants (Eusten-Brown pers. comm.). Single-stemmed, leafy shrub, 0.45-1.5 m high. Stem fewbranched; branches erect, glabrous with few glands; fascicles rarely present in leaf axils. Leaves alternate, erect to spreading, 3.0-20.0 × 0.8-1.5 mm, linear, mucronate, entire, without petiole-like base, without secondary basal lobes, glabrous on both surfaces, leathery; basal swelling present, continuous with stem ribs. Capitula discoid or radiate, homogamous or heterogamous, terminal, solitary, with 3-5 additional capitula from leaf axils below, pedunculate; peduncles 7.0-48.0 mm long, glabrous. Involucre 4.0-6.0 × 3.0-6.0 mm, broadly to narrowly campanulate or funnel-shaped, usually tapering at the base; involucral bracts 3-or 4-seriate, tightly arranged, margins and apices scarious, sometimes completely scarious especially third and fourth bracts, membranous apices of inner bracts 0.5-1.0 mm long, glabrous, brown margins absent, median resin canals present; outer bracts deltoid to lanceolate, 1.2-1.8 mm long, acute, sometimes mucronate; middle bracts deltoid to lanceolate or elliptic, 1.8-2.8 mm long, rounded to acute or sometimes mucronate; inner bracts narrowly obelliptic to lanceolate or linear, 2.2-3.2 mm long, rounded; innermost bracts narrowly obelliptic to linear, 2.4-4.0 mm long, rounded. Receptacle flat to convex; paleae in marginal series, narrowly obelliptic to linear, 2.7-4.0 mm long, rounded, scarious. Ray florets (when present) 3-4; tube 1.0-1.7 mm long; limb obelliptic, 3.0-5.0 × 1.8-2.8 mm, apically 3-dentate, white. Disc florets 13-32, without resin canals; corolla 2.0-3.5 mm long, with only glandular trichomes, yellow; tube 1.0-2.6 mm long; limb campanulate, 1.0-1.7 mm long (excluding lobes); lobes spreading, ± 0.7 mm long, triangular. Anthers ±2.8 mm long (including apical appendage); apical appendage elliptic to lanceolate. Style 1.8-2.6 mm long (excluding branches); branches 0.1-0.4 mm long. Cypselas 2.5 × 1.0 mm, obovate, 10-ribbed, apical rim thickened, entire to slightly dentate, glandular 
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trichomes present, sparse, scattered, not mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 12 . Diagnostic Characters -Phymaspermum aciculare is the only species in the genus which can have either discoid or radiate heads. It can be distinguished from the other radiate species by the sparsely radiate heads with no more than four rays, with limbs less than 5 mm long. Amongst the discoid species it shares the non-corymbose capitula and large cypselas (>0.8 mm wide) with P. erubescens and P. peglerae. It can however be readily distinguished by the glabrous stem and leaves and the smaller (3.0-6.0 mm wide), obconical, sometimes few radiate capitula with 3-5 additional capitula from leaf axils below.
Distribution and Ecology-Phymaspermum aciculare is widely distributed from McGregor in the Western Cape to Bloemhof in the North West Province with a disjunction in Namibia (Fig. 12G) . A similar Namibian disjunction has also been reported in Melolobium (Moteetee and Van Wyk 2006) as well as Dichilus (Schutte and Van Wyk 1988) . This species prefers hard, dry soil and sometimes occurs on dolerite, at altitudes of 40 m to 1,700 m. It is reportedly grazed by livestock (Henrici 2844, BOL; Roux 36, PRE; Liebenberg 7673, B-image, PRE). Flowering is from September to May.
hispid; fascicles sometimes present in leaf axils. Leaves alternate, apressed to erect, 2.0-10.0 × 1.0 mm, linear to lanceolate, acute to acuminate, revolute, entire, without petiole-like base, without secondary basal lobes, glabrous to silver-villous adaxially, glabrous abaxially, fleshy to leathery; basal swelling present, continuous with stem ribs. Capitula discoid, homogamous, terminal, solitary, with 0-3 additional capitula from leaf axils below, pedunculate; peduncles 15.0-60.0 mm long, glabrous. Involucre 5.0-7.0 × 5.0-7.0 mm, hemispherical to cyathiform, rarely tapering at the base; involucral bracts 4-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.8-1.3 mm long, glabrous, brown margins absent, median resin canals present; outer bracts deltoid to lanceolate, 2.7-3.5 mm long, acute to attenuating; middle bracts triangular ovate, 4.0-4.3 mm long, acuminate; inner bracts lanceolate, 4.6-5.2 mm long, rounded. Receptacle convex; paleae in marginal series, oblanceolate to oblong, 4.6-5.2 mm long, rounded, membranous with scarious margins and apices, scarious apices 0.6-1.2 mm long. Disc florets ±20, without resin canals; corolla 2.0-3.0 mm long, with only glandular trichomes, yellow; tube 1.0-1.2 mm long; limb narrowly campanulate, 1.0-1.2 mm long (excluding lobes); lobes spreading, 0.6-1.0 mm long, triangular ovate. Anthers 2.8-3.6 mm long (including apical appendage); apical appendage obovate. Style 2.4-2.8 mm long (excluding branches); branches 0.4-1.0 mm long. Cypselas 3.6 × 1.0 mm, obovate, 11-ribbed, apical rim thickened, dentate, glandular trichomes present, sparse, scattered, not mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 13 .
Diagnostic Characters -Phymaspermum erubescens could be confused with P. peglerae or discoid specimens of P. aciculare but can be readily distinguished by the sparse to dense silvery villous or hispid indumentum on the stems and leaves (densely bronze villous in P. peglerae and glabrous in P. aciculare), the shorter leaves, 2.0-10.0 mm long and smaller cypselas (when compared to P. peglerae) ≤4 mm long.
Distribution and Ecology -Phymaspermum erubescens is a relatively poorly collected species which occurs from Lady Frere to King Williams Town in the Eastern Cape (Fig. 13F) . It favours sandstone in grasslands at altitudes of 600-1,700 m. Flowering is from October to March. 9.0-18.0 × 1.0 mm, linear, acuminate to mucronate, entire, without petiole-like base, without secondary basal lobes, silvery-villous on both surfaces, fleshy; basal swelling present, continuous with stem ribs. Capitula discoid, homogamous, terminal, solitary, pedunculate; peduncles 25.0-80.0 mm long, densely silvery-tomentose. Involucre 8.0-12.0 × 7.0-10.0 mm, hemispherical to cyathiform, not tapering at the base; involucral bracts 3-seriate, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.5-1.0 mm long, densely villous, brown margins absent, median resin canals present; outer bracts lanceolate, 2.7 mm long, attenuating; middle bracts lanceolate, 3.9 mm long, acute to rounded; inner bracts oblong linear, 5.5 mm long, rounded. Receptacle convex; paleae in marginal series, oblong, ± 6.3 mm long, rounded, membranous with scarious margins and apices, scarious apices ±1.3 mm long. Disc florets ± 20, without resin canals; corolla 2.3 mm long, with only glandular trichomes, yellow; tube 1.0 mm long; limb campanulate, 1.0 mm long (excluding lobes); lobes spreading, ± 0.5 mm long, triangular-ovate. Anthers ±3.0 mm long (including apical appendage); apical appendage obovate, obtuse. Style 4.0 mm long (excluding branches); branches 0.5 mm long. Cypselas 4.6 × 1.0 mm, obovate, 12-ribbed, apical rim thickened, dentate, glandular trichomes present, sparse, scattered, 
not mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 14 . Diagnostic Characters -Phymaspermum peglerae shares the discoid non-corymbose heads and large fruit with P. erubescens and P. aciculare but can be distinguished by the densely bronze villous indumentum (sparse to dense silvery villous or hispid indumentum in P. erubescens and glabrous in P. aciculare), the usually larger leaves 9.0-18.0 mm long and the largest fruit in the genus >4 mm.
Distribution and Ecology-Phymaspermum peglerae is known from only two very old collections along the banks of the Mthatha River in the Eastern Cape (Fig. 14F ). This species flowers in midsummer, around January.
Multistemmed, densely leafy shrub, 0.2-2.0 m high. Stems much-branched; branches erect, grey-pubescent; fascicles never present in leaf axils. Leaves alternate, spreading, 6.0-40.0 × 0.8-2.0 mm, linear to oblong, acute to mucronate, entire to trifid, involute, narrowed into petiole-like base, without secondary basal lobes, glabrous on both surfaces, leathery; basal swelling present, continuous with stem ribs; lobes 2-3, 0.5-10.0 × 0.5-1.0 mm, linear to oblong, acute to mucronate. Capitula disciform, heterogamous, terminal, many-headed ± 30, simple to compound corymbs, pedunculate; peduncles 4.0-35.0 mm long, glabrous to white tomentose. Involucre 4.0-8.0 × 3.5-8.0 mm, hemispherical, cyathiform to urceolate, sometimes tapering at the base; involucral bracts 4-or 6-seriate, with the peduncular bracts usually being the first two series, tightly arranged, margins and apices scarious, membranous apices of all bracts 0.3-1.2 mm long, glabrous to tomentose especially along the edges, brown margins absent, median resin canals present; outer bracts lanceolate, 2.0-3.0 mm long, acute; middle bracts deltoid to lanceolate, 2.2-4.2 mm long, acute; inner bracts deltoid to lanceolate, 2.2-4.3 mm long, acute to rounded; second inner bracts deltoid to lanceolate, 3.8-4.6 mm long, acuminate to rounded. Receptacle convex; paleae in marginal series, oblong to linear, 3.2-3.7 mm long, acute to attenuating, scarious. Filiform florets ± 20; corolla 2.3-3.0 mm long, with glandular trichomes, zygomorphic; adaxial lobes 2, 0.7-1.0 mm long, triangular, spreading, abaxial lamina 0.3-0.6 mm long, linear, 3-dentate. Disc florets ±100, without resin canals; corolla 2.2-3.0 mm long, with only glandular trichomes, yellow; tube 1.0-2.0 mm long; limb narrowly campanulate, 0.8-1.3 mm long (excluding lobes); lobes erect to spreading, 
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RUITERS ET AL.: TAXONOMY OF PHYMASPERMUM 447 0.4-0.6 mm long, triangular. Anthers ± 3.0 mm long (including apical appendage); apical appendage rounded to oblong. Style 2.5-3.1 mm long (excluding branches); branches 0.4-0.7 mm long. Cypselas 2.1-2.2 × 0.5 mm, obovate, 10-to12-ribbed, apical rim thickened to membranous, entire to dentate, glandular trichomes present, sparse, scattered, not mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 15 . Diagnostic Characters -Phymaspermum athanasioides was previously considered to be a part of a complex with P. bolusii and P. montanum, distinguished by apparent differences in their involucral bracts. However, upon further study, these characters were found to be highly variable and no clearly recognisable characters could be found to distinguish between them. As a result only a single variable species, P. athanasioides, is recognised here. It is readily distinguished from all other species in the genus by the marginal filiform florets and from the other species with corymbosely arranged capitula by the absence of fascicles in the leaf axils and by the mostly entire leaves, which rarely become 2-or 3-fid.
Distribution and Ecology -Phymaspermum athanasioides is widely distributed from around Harrismith in KwaZulu Natal to Musina in Limpopo and extending into Swaziland and further north into Zimbabwe (Fig. 15G ). It grows in mixed bushveld and grassland, especially on quartzite or sandstone, at an altitude of 1,000 m to 1,750 m. Flowering time is throughout the year but especially in August, hence its vernacular name August Gold.
median resin canals present; outer bracts deltoid to lanceolate, 2.2-3.3 mm long, acute to acuminate; middle bracts deltoid to ovate, 2.7-3.4 mm long, acuminate; inner bracts deltoid to lanceolate, 2.7-4.0 mm long, acuminate to rounded; second inner bracts ovate, 3.0-5.0 mm long, rounded; innermost bracts ovate, 4.3-5.8 mm long, rounded. Receptacle convex to flat; paleae in two marginal series, linear to oblong, 4.3-6.0 mm long, rounded, rigid with scarious margins and apices, scarious apices 0.8-1.1 mm long. Disc florets 37-55, without resin canals; corolla 2.3-3.2 mm long, with only glandular trichomes, yellow; tube 1.4-1.8 mm long; limb narrowly campanulate, 1.0-1.4 mm long (excluding lobes); lobes spreading, 0.6-1.0 mm long, narrowly triangular. Anthers 2.7-3.8 mm long (including apical appendage); apical appendage oblong. Style 2.0-3.3 mm long (excluding branches); branches 0.5 mm long. Cypselas 1.8-2.0 × 0.5 mm, oblong to obovate, 11-ribbed, apical rim thickened, entire to slightly dentate, glandular trichomes present, sparse, scattered, not mucilaginous when soaked, discontinuous resin canals in ribs absent. Figure 16 .
Diagnostic Characters -Phymaspermum woodii shares the narrowly campanulate to urceolate involucres and flat, deltoid to ovate, closely appressed involucral bracts with P. argenteum 
RUITERS ET AL.: TAXONOMY OF PHYMASPERMUMbut can be distinguished by the sparsely villous leaves with narrower lobes (≤0.5 mm wide) and the 5-seriate, apically constricted involucres with at most indistinct brown margins. This species could also be confused with the spring flowering P. pinnatifidum with which it shares the smaller habit and narrowly lobed leaves but can be readily distinguished by the much narrower campanulate to urceolate, apically constricted involucres with closely appressed involucral bracts, the absence of a prominent membranous crown on the fruit and the later flowering time (late summer into autumn). Distribution and Ecology -Phymaspermum woodii is distributed on rocky hillsides in moist grasslands along the southern and eastern Drakensberg in KwaZulu Natal and Free State (Fig. 16F) , at altitudes of 1,700-2,750 m. Flowering is in late summer to autumn from February to May.
Inanda (-DB), Aug. 1879, Wood 168 (lectotype: K sheet 000410760-image!, designated here; isolectotypes: BMimage!, K sheet 000410761-image!, PRE!, Z-image!) [Note: As Hooker's Icones Plantarum was based on collections from Kew herbarium, sheet K000410760 from that collection is designated here as it also contains the original collection labels (giving both the month and date of collection) and is clearly the material upon which the illustration was based.] Multistemmed, densely leafy shrub, 0.25-0.5 m high. Stems unbranched; branches erect, glabrous or with few silvervillous hairs, sometimes wooly or matted; fascicles present in leaf axils. Leaves alternate, erect to spreading, 5.0-32.0 × 0.2-1.0 mm, linear, deeply pinnatifid, narrowed into petiolelike base, sometimes with secondary basal lobes, silverypubescent villous hairs on both surface, leathery; basal swelling present, continuous with stem ribs; lobes 7-9, 4.0-25.0 mm, filiform to linear, attenuating. Capitula discoid, homogamous, terminal, few-to many-headed (5-30), simple to compound corymbs, pedunculate; peduncles 4.0-35.0 mm long, glabrous to matted. Involucre 6-7 × 4-5 mm, funnelshaped to cyathiform, rarely tapering at the base; involucral bracts 3-or 4-seriate, loosely arranged, margins and apices scarious (curved shape due to thin rigid centres with resin canals), membranous apices of all bracts 0.2-2.5 mm long, glabrous to villous especially on edges, brown margins absent, median resin canals present; outer bracts triangular to lanceolate or oblong, 2.3-3.0 mm long, attenuating to rounded; middle bracts lanceolate to oblong, 2.7-3.8 mm long, attenuating to rounded; inner bracts linear to oblong, 4.3-5.0 mm long, acute rounded; inner most bracts oblong, 5.2 mm long, rounded. Receptacle convex; paleae in marginal series, linear to oblong, 3.3-5.1 mm long, rounded, rigid with scarious margins and apices, scarious apices 0.7-1.0 mm long. Disc florets 38-44, without resin canals; corolla 2.3-2.5 mm long, with only glandular trichomes, yellow; tube 1.2-1.5 mm long; limb campanulate, 1.0 mm long (excluding lobes); lobes spreading, 0.6-1.0 mm long, triangular to triangular-ovate. Anthers 2.8-3.2 mm long (including apical appendage); apical appendage lanceolate. Style 2.1-2.6 mm long (excluding branches); branches 0.5-0.7 mm long. Cypselas 3.5 × 0.7 mm, oblong to obovate, 12-ribbed, apical rim membranous, dentate, glandular trichomes absent, discontinuous resin canals in ribs present. Figure 19 .
Diagnostic Characters -Phymaspermum pinnatifidum is a small, spring flowering multistemmed shrublet with discoid corymbosely arranged capitula and cypselas with a prominent membranous apical crown. Together with P. acerosum it does not have myxogenic trichomes on the cypselas (the generic synapomorphy) but rather prominent resin canals in the cypsela ribs. It can be readily distinguished from P. acerosum by its earlier flowering time, smaller stature (less than 0.5 m tall) with thin herbaceous stems, the broader funnel or cupshaped involucres and the prominent membranous apical crown on the cypselas. Its small size means that it could also be confused with P. woodii but can be readily distinguished by the broader, not apically constricted involucres with loosely appressed involucral bracts, the prominent membranous apical crown on the cyselas and the absence of myxogenic trichomes.
Distribution and Ecology -Phymaspermum pinnatifidum is restricted to the Pietermaritzberg district of the KwaZulu Natal Province (Fig. 19F) on the Natal group sandstone and is mostly found in grasslands between 450-920 m. The species is early flowering, usually in spring, between August and October, but early fires can result in even earlier flowering .
